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Abstract 
Porphyrins are the natural candidates to the detection of carbon monoxide however the physical properties of solid-state layers of 
porphyrins limit their use as gas sensors mainly with mass and optical transducers. Recently we shown that the photonic 
properties of porphyrins, brilliantly exploited in organic solar cells, can lead to a new class of photo-activated sensors made by 
porphyrins coated metal oxides. Here we investigate the sensitivity to carbon monoxide of resistive sensors made by zinc oxide 
nanoparticles coated by a porphyrin layer. Sensors were prepared following two different routes and tested, at room temperature 
and in various light conditions, to CO and few volatile compounds. Results show a significant sensitivity and selectivity to CO. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of EUROSENSORS 2015. 
Keywords: Type your keywords here, separated by semicolons ;  
1. Introduction 
A porphyrin (the heme) is the prosthetic group of hemoglobin whose large affinity to carbon monoxide is at the 
origin of CO poisoning. As a consequence, porphyrins may be considered as natural candidates for the detection of 
carbon monoxide. Porphyrins may be matched with a number of different transducers. However, in spite of their rich 
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chemistry, the physical properties of porphyrins limit the design of gas sensors mainly to mass and optical 
transducers. The sensitivity of porphyrin layers to CO has been measured with both of these categories of 
transducers such as quartz microbalances [1], cantilevers [2]  and computer screen photoassisted technology [3].  
On the other hand, porphyrins can be adequately used as coating of conductive substrates such as carbon 
nanotubes or semiconductor nanostructures. To this regard, the sensitivity to CO of porphyrins coated single walled 
carbon nanotube has been recently reported [4].  
Interesting semiconductors are the wide band gap materials, such as ZnO, where the light absorption on 
porphyrins results in a  charge injection in the semiconductor conduction band. Such combinations of materials are 
of primary interest for die-sensitized solar cells. We investigated the sensing properties of these hybrid materials and 
found that the resistance of porphyrins coated zinc oxide nanostructures is modulated by both the gas-porphyrin 
interaction and the visible light [5]. Furthermore, we introduced an original method for material preparation based on 
a one-pot hydrothermal growth where the porphyrin is added to the semiconductor precursor solution  [6] 
In this paper, the studies are extended to porphyrins-ZnO nanoparticles and in particular to the sensitivity to CO. 
 
2. Experimental 
The sensing materials were prepared following two routes. In the first, ZnO nanoparticles have been synthetized 
by hydrothermal method according to a literature protocol [7], deposited from solvent phase onto a glass substrate 
with a pair of interdigitated electrodes and casting coated by 5-(4-carboxyphenyl)-10,15,20-triphenylporphyrin 
(hereafter ZnTPP). In the second approach, ZnTPP was added to the precursor solution according to a method 
previously introduced for nanorods [3]. After rinsing in pure ethanol, the ZnO precipitate was deposited again on the 
same electrodes. The film shows a soft pink hue, indicative of a thin coating of porphyrins. In both cases, SEM 
images show a nanoparticles diameter smaller than 100 nm, the shape in the co-growth case appears more irregular  
(fig. 1 and fig. 2). Sensors were closed in a gas tight cell endowed with a transparent window to illuminate the 
sensors and gas inlet and outlet. A white LED, matched with the absorption spectra of porphyrin, was used to 
illuminate the sensor. 
 
 
Figure 1. SEM image of ZnO nanoparticles functionalized with 
porphyrin during the growth (co-growth case).. 
Figure 2. SEM image of ZnO nanoparticles coated with porphyrin after 
the growth (deposition case). 
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3. Results 
Sensors were placed in a gas tight cell endowed with a transparent window and gas inlet and outlet. The response 
to light was measured illuminating the sensors with a white LED, whose emission spectrum is matched with the 
absorption spectra of the porphyrin. Sensors were exposed to dilution of the saturated vapors at 25°C of ethanol, 
triethylamine, hexane, and water vapor. Carbon monoxide was provided by a 500 ppm in synthetic air tank. All 
dilutions were made with a carrier of synthetic air that also provide the reference air for sensors measurements.  
A couple of mass-flow controllers allowed to control the reference-gas mixture in order to change the 
concentration of the tested compounds. Fig 3 shows the sensor response (R/R) versus the gases concentration. It is 
worth to note that the concentration of VOCs was about two orders of magnitude larger than the interval of 
concentration of CO. In table 1 the sensitivities to the five gases are listed. Here we observe that the co-growth 
sensor shows a sensitivity to CO about two orders of magnitudes larger that those to the other compounds. 
The co-growth material exhibits the largest sensitivity to CO. ). Independently from the prepration method, the 
sensitivity to triethylamine is enhamced by the exposure to light. The interplay between growth procedure and 
illumination provides then a method to emphasize the selectivity allowing for the identification of CO even in 
presence of intereferents. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Sensor responses (R/R) of deposited and co-growth sensors to triethylamine (TEA), hexane, CO, ethanol and water vapour. Each 
sensor was measured in dark and under white light in different illuminations. Due to the different concentration intervals, the concentration is 
plotted in logarithmic scale. 
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4. Conclusions 
ZnO nanostructures offer a valid substrate for the preparation of resistive gas sensors based on porphyrins. An 
additional property of these materials is the photoresistive effect that may also influence the sensitivity to gases. 
Here we shown that in these sensors the sensitivity of porphyrins to CO is retained allowing for a detection limit of 
the order of few ppm even with a porphyrin not particularly affine to CO.  
 
 
Table 1: Sensitivity of the two sensors in different light conditions. Since sensor responses were comparable in all cases but concentrations were 
very different, the sensitivity to vapors is given with more significant figures. 
 co-growth Dark co-growth Light deposited Dark deposited Light 
carbon monoxide 0.39 ppm-1 0.28 ppm-1 no response no response 
triethylamine 0.004 ppm-1 0.017 ppm-1 0.004 ppm-1 0.005 ppm-1 
hexane no response 0.0006 ppm-1 no response 0.001 ppm-1 
ethanol 0.002 ppm-1 0.001 ppm-1 0.001 ppm-1 0.0001 ppm-1 
water vapor 0.001 ppm-1 0.0008 ppm-1 0.005 ppm-1 0.002 ppm-1 
References 
[1] S. Nardis, G. Pomarico, L. Tortora, R. Capuano, A. D'Amico, C. Di Natale, R. Paolesse. Sensing mechanisms of supramolecular aggregates: a 
teamwork for the detection of gaseous analytes. J Mat Chem 21 (2011) 18638. 
[2] C. Reddy, M. Khaderbad, S. Gandhi, M. Kandpal, S. Patil, N. Chetty, K. Rajulu, P. Chary, M. Ravikanth, V. Rao. Piezoresistive SU-8 
cantilever wth Fe(III)Porphyrin coating for CO sensing. IEEE Trans. Nanotechnology, 11 (2012) 701-706 
[3] D. Filippini, A. Alimelli, C. Di Natale, R. Paolesse, A. D'Amico, I. Lundstrom. Chemical sensing with familiar devices. Angew Chemie 45 
(2006) 3800-3803 
[4] Y. He, J. Zhang, J. Zhao. Electron transport and CO sensing characteristics of Fe(II) Porphyrin with single-walled carbon nanotube electrodes. 
J Phys Chem C 118 (2014) 18325-18333 
[5] Y. Sivalingam, E. Martinelli, A. Catini, G. Magna, G. Pomarico, F. Basoli, R. Paolesse, C. Di Natale. Gas-sensitive photoconductivity of 
porphyrin-functionalized ZnO nanorods. J Phys Chem C, 116 (2012) 9151-9157 
[6] Y. Sivalingam, G. Magna, G. Pomarico, A. Catini, E. Martinelli, R. Paolesse, C. Di Natale. The light enhanced gas selectivity of one-pot 
grown porphyrins coated ZnO nanorods. Sens Actuators B, 188 (2013) 475-481 
[7] Z. Lu, J. Zhou, A. Wang, N. Wang and X. Yang. Synthesis of aluminium-doped ZnO nanocrystals with controllable morphology and 
enhanced electrical conductivity. J. Mater. Chem. 21 (2011) 4161. 
 
